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FROST DAMAGED, IMMATURE SOYBEANS FOR RUMINANT DIETS 
J. A. ~oesche', R. H. ~ritchard' and J. M. ~eec)r '  
Department of Animal and Range Sciences 
C A r n  896 
Summary 
The potential for including freeze damaged, 
immature soybeans (FDIS) into corn based diets for 
ruminant animals was evaluated in a series of 
experiments. No differences in feeding value were 
evident for FDlS and normal soybeans except due to 
oil content. Oil content of soybeans depressed dry 
matter and particularly fiber digestion of corn silage fed 
to lambs (Pe.05). Nitrogen digestion and retention 
were also reduced (Pe.10) by feeding raw soybeans. 
The effect on N utilization appeared to be due to 
trypsin inhibitor activity, since this did not occur when 
soybean meal + oil supplements were fed. Nitrogen, 
dry matter and gross energy utilization decreased 
dramatically (Pe.05) when FDlS increased from 14 to 
21% of corn silage diets. Use of FDlS in corn silage 
diets should be restricted to no more than 15% of diet 
dry matter. 
(Key Words: Ruminant, Lambs, Soybeans, Fiber, 
Energy, Nitrogen Digestibility.) 
Introduction 
Frost damaged, immature soybeans (FDIS) are 
prevalent in northern soybean production areas. Poor 
processing and storage characteristics of damaged 
soybeans prompt producers to feed them quickly. 
Antinutritional factors and high oil content may create 
problems with dietary nutrient utilization when FDlS are 
incorporated into ruminant diets. Earlier in vitro 
fermentation studies showed that FDlS could be 
successfully added to high concentrate diets without 
detrimental effects at 20% additions. However, FDlS 
depressed fiber utilization in vitro when added to corn 
silage substrates. This research attempted to separate 
effects dce to raw soybean antinutritional factors, oil 
content and maturity of frost damaged, immature 
soybeans fed to lambs and to determine the maximum 
practical incorporation level of FDlS in corn silage 
based diets. 
Materials and Methods 
Exp. 1. Twenty Hampshire ram lambs (1 06 Ib) 
were used to evaluate and differentiate oil and 
antinutritional factor effects of FDlS on in vivo nitrogen 
metabolism and digestibility of dry matter, crude protein 
and ADF. Lambs were allotted to four treatments, 
soybean meal (SBM), soybean meal + oil (SBO), 
mature raw soybeans (MSB) and FDlS supplements in 
a 75% corn silage diet (Table 1). Diets were 
formulated to contain 14% crude protein. Equal 
amounts of CaCO, were added to each diet to 
minimize differences due to formation of calcium fatty 
acid soaps. Lasalocid was fed at 1 mg/kg body weight 
as a coccidiostat. 
Dry matter intake was held constant at 2.1 7 Ib per 
head per day for all lambs. Lambs were adapted to 
diets 21 days prior to placement in metabolism stalls. 
A 7-day adjustment to stalls preceded two consecutive 
4-day collection periods. Total feces, urine and feed 
refusals were collected and frozen prior to analysis. 
Analysis included Kjeldahl-N determination of all 
samples and ADF and dry matter content 
determination of feed feces and orts. Single degree of 
freedom orthogonal contrasts were utilized throughout 
the experiment to separate differences due to oil 
content, soybean maturity and antinutritional factor 
effects of FDIS. 
Exp. 2. Four, ruminally fistulated crossbred 
wethers (1 50 Ib) were fed diets similar to those used in 
Exp. 1 at 1,480 grams per head per day to determine 
FDIS antinutritional, oil and maturity effects on ruminal 
fermentation. Wethers were allotted in a split plot Latin 
square design with ruminal samples collected at 0, 3, 
6, 12 and 24 hours postfeedirlg as the split plot. 
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TABLE 1. FORMULATION FOR DIETS USED IN EXPERIMENTS 1 AND 2 
Treatmenf 
Ingredient SBM SBO FDlS MSB 
Corn silage, % 





Trace mineral sale, % 
CaCO,, % 
Vitamins A, D, Ee, % 
Lasalocid, mglheadlday 
a SBM = soybean meal, SBO = soybean meal + oil, FDlS = frost damaged immature soybeans and 
MSB = mature raw soybeans. 
FDIS, 32% crude protein, 16.81% ether extract. 
MSB, 39.3% crude protein, 17.87% ether extract. 
Contains 97% NaCI, .007% 1, .24% Mn, .24% Fe, -05% Mg, .032 Cu, . O l  1 % Co, .032% Zn and 50% 
Ca. 
Contains 2,200,000 IU/kg vitamin A; 1,100,000 IUIkg vitamin D3 and 2,200 IUIkg vitamin E. 
Wethers were adapted to diets for 7 days before 
sampling, then switched to the next treatment after 
sampling. Ruminal liquor was strained through eight 
layers of cheese cloth and subsampled for 
determination of ruminal ammonia and VFA 
concentrations. Aliquot samples for VFA determination 
were acidified with 1 ml of 25% (vlv) metaphosphoric 
acid. All samples were frozen at -10 OC until analysis. 
Exp. 3. Twenty crossbred wether lambs (66 Ib) 
were assigned to treatments containing 0, 7, 14 or 21 % 
FDlS substitution for corn and SBM in 75% corn silage 
diets Fable 2). The experiment was designed to 
determine the maximum allowable levels of dietary FDlS 
before detrimental effects to N or fiber utilization occur. 
Nitrogen content of the diets was maintained at 2.72% 
(Table 3). Equal amounts of CaCO, were added to 
each diet to prevent differences caused by insoluble 
fatty acid soap formation. Lasalocid was fed at 
1 mglkg body weight as a coccidiostat. Feces and 
urine were collected similarly as Exp. 1 to determine 
crude protein, ADF, ether extract and gross energy 
digestibilities and N retention. Gross energy was 
determined by bomb calorimetry. 
Results and Discussion --
In Exp. 1, soybean meal maintained higher 
(Pe.001) dry matter, crude protein and ADF 
digestibilities than oil containing treatments (SBO, FDlS 
and MSB, Table 4). Soybean antinutritional factors 
reduced (Pe.07) crude protein digestibility and were 
additive to oil content effects. N retention and protein 
biological value (N retained1N absorbed) were reduced 
(Pe.07) when raw soybeans were added to the diet. 
Adding oil did not affect N retention or biological value. 
No differences in dry matter, crude protein or ADF 
digestibilities, N retention or protein biological value 
were detected due to soybean maturity. It appears 
that oil content of raw soybeans depressed digestibility 
of feed components while in the rumen (dry matter, 
ADF and crude protein digestibilities), whereas 
antinutritional factors reduced uptake of nitrogen from 
the small intestine. When oil was added to SBM, ADF 
digestibility was lower than when diets contained 
soybeans. This likely is not due to antinutritional 
factors as inferred by the statistical analysis. Reduced 
ADF disappearance may have occurred because added 
oil was more effective in depressing bacterial 
fermentation than oil contained in soybean seeds. 
In Exp. 2 total ruminal VFA concentrations were 
unaffected by oil or antinutritional factors Fable 5). A 
slight reduction (P<.001) in butyrate and a slight 
increase (Pe.05) in isobutyrate and isovalerate 
concentrations were noted for oil containing treatments. 
Ruminal NH,-N concentrations were reduced (Pe.001) 
when oil containing diets were fed, but antinutritional 
TABLE 2. FORMULATION FOR DIETS USED IN EXPERIMENT 3 
Diet 
Inqredient 0% FDlS 7% FDlS 14% FDlS 21% FDlS 
Corn silage, % 75.0 
Corn, #2, % 7.3 
SBM, % 16.7 
FDISa, % 0.0 
Trace mineral saltb, % .3 
CaCO,, % .7 
Vitamins A, D, p, % .005 
Lasalocid, mglheadlday 30 
a FDIS, 32.0% crude protein, 16.81% ether extract. 
Contains 97% NaCI, .007% 1, .24% Mn, .24% Fe, .05% Mg, ,032 Cu, . O l  1 % Co, .032% Zn and .SO% 
Ca. 
Contains 2,200,000 IUIkg vitamin A; 1,100,000 IUIkg vitamin D3 and 2,200 IUIkg vitamin E. 
TABLE 3. COMPOSITION OF DIETS (EXP. 3) 
DieP 
Item 0% FDlS 7% FDlS 14% FDlS 21% FDlS 
Nitrogen, % 
ADF, % 
Ether extract, % 
Gross energy, Mcallkg 
Dry matter intake, glheadldayb 
a Level of FDlS in diet. 
Least squares means. 
TABLE 4. EFFECT OF SOYBEAN PROTEIN SUPPLEMENTS ON UTILIZATION 
OF A CORN SILAGE DIET BY LAMBS (EXP. 1) 
TreatmenP 
Item SBM SBO FDlS MSB SEM 
Digestible 
Dry matter, %b 75.7 69.6 68.8 67.8 .89 
Crude protein, %bC 76.8 72.4 70.4 69.3 1.05 
ADF, %b 59.6 45.4 49.6 47.2 1.28 
N retention, g/dayc 6.1 6.7 5.1 5.4 .56 
B.V., %C 36.5 40.8 33.0 35.1 2.72 
a SBM = soybean meal, SBO = soybean meal + oil, FDlS = frost damaged immature soybeans, 
MSB = mature raw soybeans. 
Oil effect, SBM vs others (P<.001). 
Inhibitor effect, SBO vs FDlS and MSB (P<.07). 
TABLE 5. EFFECT OF SOYBEAN PROTEIN SUPPLEMENTS ON RLlMlNAL 
VFA AND NH3-N CONCENTRATIONS (EXP. 2)' 
TreatmenP 




Isobutyrate, p ~ l r n l ~ ~  
Valerate, p ~ / r n P  
Isovalerate, pM/mlC 
Total VFA, pM/ml 
A/P ratio 
' Mean of 0, 3, 6, 12 and 24 hours postprandial samples. 
SBM = soybean meal, SBO = soybean meal + oil, FDlS = frost damaged immature soybeans, 
MSB = mature raw soybeans. 
Oil effect (P<.001), SBM vs SBO, FDlS and MSB. 
Inhibitor effect (P<.05), SBO vs FDlS and MSB. 
factors did not reduce NH3-N concentration over time. 
Ruminal NH3-N peaked for all treatments at 3 hours 
postfeeding but was higher when SBM was fed 
(Table 6). By 12 hours postfeeding, ruminal NH3-N for 
SBM returned to baseline levels, while SBO, FDlS and 
MSB maintained higher (P<.01) NH3-N concentrations 
than SBM. No differences in ruminal VFA or NH3-N 
concentrations were found between FDlS or MSB. 
Since NH3-N concentrations are in part a result of 
proteolytic rates, it appears that oil depressed the rate 
of protein degradation in the rumen. Antinutritional 
factors seemed to also reduce ruminal protein 
fermentation but did not affect VFA concentrations. 
In Exp. 3, adding FDlS to corn silage diets caused 
a linear depression (P<.05) in dry matter and ADF 
digestion (Table 7). Approximately half of the decrease 
in dry matter disappearance could be attributed to 
reduced ADF digestibility. Gross energy digestion 
decreased quadratically (P< .001) due to a marked 
reduction as diets increased from 14 to 21% FDIS. N 
digestion tended to be reduced (P<.11) by increasing 
dietary FDIS. This was due to the reduction in N 
digestion that occurred in the 21% FDlS diet. N 
retention also appeared lower when this diet was fed. 
Fiber and N digestibility data indicate FDlS should not 
be fed at levels as high as 21% of corn silage diets. 
Raw soybeans increased the ether extract and 
gross energy content of the diets (Table 3). Digestion 
of ether extract was unaffected by FDlS concentration. 
However, daily digestible energy intake was not 
increased by feeding the more energy dense diets. It 
appears that with a mixed grain-roughage diet like corn 
silage the negative effects of oil content and trypsin 
inhibitor activity limit use of soybeans in ruminant diets. 
TABLE 6. EFFECT OF SOYBEAN PROTEIN SUPPLEMENTS ON 
RUMINAL AMMONIA CONCENTRATION WITH TIME (EXP. 2) 
TreatmenP 
Time SBM SBO FDlS MSB SEM 
' SBM = soybean meal, SBO = soybean meal + oil, 
FDlS = frost damaged immature soybeans, MSB = mature 
raw soybeans. 
Oil effect (Pc.01), SBM vs SBO, FDlS and MSB. 
Inhibitor effect (Pc.01), SBO vs FDlS and MSB. 
TABLE 7. EFFECTS OF FDlS ON UTILIZAI'ION OF CORN SILAGE 
DIETS BY LAMBS (EXP. 3)' 
- - 
Item 0% FDlS 7% FDlS 14% FDlS 21% FDlS 
Percent digestibility 
Dry mattef 74.06 68.61 67.1 1 62.63 
Nitrogen 68.49 68.88 68.47 53.39 
ADFC 47.06 41.56 35.26 24.1 7 
Ether extract 85.50 84.68 87.58 84.94 
Gross energyd 69.50 66.69 62.63 49.24 
N retention, g/head/day 14.99 1 7.70 1 1.67 .72 
a Least squares means. 
Level of FDIS. 
Linear effect (P<.001). 
Quadratic effect (PC .0001). 
